RECO GNITION that the electrical forces in the heart are three-dimensional in nature has precipitated an international, active quest for accurate means of recording their spatial aspects. A variety of electrode arrangements on the body surface of the human subject are presently being uti- lized by many electrocardiographers. [1] [2] [3] [4] [5] [6] Most of these systems of vectorcardiography are founded upon the assumptions that the human torso is a substantially homogeneous volume conductor and that the heart forces may be represented by a single fixed-position, time- varying current dipole. The degree to which these assumptions are applicable to the human subject has not been firmly established. Additional assumptions are usually made by the advocates of various specific systems concern- ing the geometry of the body and the position of the dipole. However, it has been shown in this laboratory by exhaustive studies on hu-man torso models that the shape of the human torso and the position of the equivalent heart dipole are important factors which introduce large errors in currently employed methods of vectorcardiography, even granting that the torso medium is homogeneous and that the heart forces may be consolidated into a single fixed-position 
It is the purpose of this paper to extract from the tremendous amount of data obtained with male and female homogeneous torso models, moulded accurately to the human subject, representative findings which pertain to a few of the commonly used systems of spatial vectorcardiography. It is hoped that the shortcomings of all of these systems will be recognized by workers in this field so that they may be encouraged to follow more fruitful lines of investigation.
SYSTEMS OF VECTORCARDIOGRAPHY
If the assumption of a fixed-position dipole representation of the human heart is adopted, this is tantamount to assuming that there is essentially only a single entity to be determined on an individual human subject; namely, the three-dimensional The experimental apparatus and method is described in detail elsewhere. [12] [13] [14] [15] In terms of the geometric representation in figure 4 , the defects of the Duchosal and Grishman systems may be seen in graphic terms. The figure 6 and the three projections of the dipole loops are given by the solid lines of figure 7.
(a) Scalar lead comparison. A comparison between the calculated bipolar lead voltages produced on the torso by the variable-moment, fixed-position dipole and the corresponding dipole component is given in figure 6 . The relative amplitudes in each case have been adjusted for the best fit; the vertical arrows indicate the points at which the scalar leads of the various systems were forced to agree with the instantaneous amplitude of the dipole com- time-varying dipole are coml)ared for each of the three systems using the methods prol)osed by their advocates. In each system the relative amplitudes have bIeen adjusted to give agreement with p, in peak amnlplitude; i.e., the relative factors shown for pj in figure 6 have been used for all three leads of a given system. It is readily seen that none of these systemns gives acceptable agreement with the heart dipole variations, shown by the solid curves.
be made in terms of the vectorcardiograms shown in figure 7 which would be recorded by using the standardization factors called for by the advocates of each system rather than those which are deliberately selected to make amplitudes agree based upon the torso behavior, as was done in figure 6 . These vectorcardiograms are those which are obtained on the torso model applying equations 1, 2 figure 6 . The relative amplitudes of these systems are also in error, but, by the use of empirical standardization factors, these may be corrected for, to a partial extent. In view of this comparison which applies for a homogeneous torso with a dipole in the center of the heart, it would seem clear that the systems of Duchosal and Grishman do not warrant further study, since it is extremely unlikely that nondipolar properties of the human heart generator and inhomogeneities of the body could conceivably offset the intrinsic defects shown in the torso model. Moreover, it should be remembered that Duchosal and Grishman, along with most vectorcardiographers, postulate a dipole for the heart and assume a homogeneous medium.
On the other hand, the relatively good agreement in scalar-lead shape for all three leads of the Wilson system, resulting from a fortuitous set of conditions, suggests that the scale factors experimentally determined for the torso might be applied to the Wilson system with substantial improvement. The scale factors which are more nearly appropriate, based on the model results for this particular dipole position, are given in figure 8 An illustration of the dependence on dipole position is given in figure 9 for the frontal-plane vector loop, using the same px, py and pz as in figure 8 . The angle at which the manifest heart vector is a maximum is, in 
